Background: Recent guidelines recommend chest computed tomography (CT) for smokers based on studies of individuals aged 55 to 74 years with 30-pack year smoking to detect lung cancers. Some have postulated that a prior diagnosis of head and neck cancer (HNC) should also warrant lung cancer screening with CT, but no studies have demonstrated benefit in this population. Our goal was to compare survival of HNC patients with second primary lung cancers (SPLCs) with survival of lung cancer-only patients to determine if detecting early stage lung cancer in those with prior HNC could lead to similar survival benefits. Methods: Survival estimates for patients with early stage SPLC diagnosed between ages 55 and 74 at least 1 year after HNC diagnosis were compared with patients with early stage lung cancer and no other cancers. Results: Median survival of patients with lung cancer only was 38 months. Median survival after SPLC was 22 months. History of head and neck cancer predicted poorer survival after lung cancer diagnosis, P < .0001. Conclusions: Survival outcomes after early lung cancer are worse after HNC. This finding diminishes the effectiveness of chest CT as a screening modality for HNC survivors, and further study should be undertaken prior to its routine use.
Introduction
Head and neck cancer (HNC) survival, although having improved over the past several years, 1 remains dismal in the presence of second primary malignancies. 2 Lung cancer is the most commonly identified second primary malignancy. There is a 5% to 19% risk of second primary lung cancer (SPLC) associated with HNC, which suggests that patients with prior HNC could be characterized as "high risk" for having subsequent SPLC. [3] [4] [5] [6] [7] We sought in particular to assess the survival of HNC patients who develop subsequent early stage lung cancers. Our purpose was to obtain a population measure of the survival after SPLC diagnosis in HNC patients and thereby better understand the potential benefits of a broad implementation of screening computed tomography (CT) in the growing population of HNC survivors. No studies have directly assessed whether the benefits of screening CT are the same for patients with prior HNC as for those included in recent studies of that modality 8 that have led to its increasing use. We therefore compared survival from early stage lung cancers among those with prior HNC and those with no cancer prior to diagnosis of lung cancer to determine if early detection is associated with comparable survival times in both groups.
Methods
Data were obtained from the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) database public use files. 9 This database includes comprehensive cancer incidence data from 9 geographic locations (Atlanta, Connecticut, Detroit, Hawaii, Iowa, New Mexico, San Francisco/Oakland, Seattle/Puget Sound, and Utah) from 1973 through 2011, from 4 more locations (Los Angeles, San Jose/Monterey, Alaska Natives, and rural Georgia) from 1992 through 2011, and an additional 5 locations (Kentucky, New Jersey, Louisiana, greater Georgia, and greater California) from 2000 through 2011. The 18 geographic areas contain approximately 27.8% of the US population. The SEER database is a public use data set with de-identified data; this study was not considered human subject research by the University of Iowa Institutional Review Board.
We defined early stage lung cancers as those identified at AJCC stage 1a, 1b, or 2a. 10 Stage information in SEER represents "best stage," using pathologic information where available and clinical data where pathologic data is unavailable. Using extent of disease data, we assembled a cohort of patients diagnosed with a single early stage lung cancer (LC cohort) and a cohort of patients first diagnosed with a head and neck cancer and subsequently diagnosed with an early stage lung cancer (HNC-LC cohort). Lung cancers were identified using the International Classification of Diseases for Oncology, Third Edition (ICD-O-3) primary site codes 34.0 to 34.9. Head and neck cancers were defined by primary site codes in the oral cavity (excluding the lip), oropharynx, hypopharynx, nasopharynx, and larynx with in situ or invasive histology. We included only patients diagnosed with lung cancer between the ages of 55 to 74 years to match the cohort defined by Aberle et al. 8 We included patients in the LC cohort only if they had no other cancers reported in SEER; similarly, patients in the HNC-LC cohort had only those 2 cancers reported in SEER. To minimize bias from patients with synchronous primary cancers, the HNC-LC cohort was limited to patients having at least a 12-month interval between the diagnosis of HNC and SPLC. Note that in patients with prior head and neck cancer, the SEER registry distinguishes between SPLCs, which are reported to the registry, and subsequent lung metastases, which are not reported. The clinical and pathologic documentation forms the only basis for this distinction. 11 Statistical analysis was performed using SAS 9.3. Survival estimates were computed using the Kaplan-Meier method, and estimates were compared by log-rank tests. Chi-square was used to assess associations between categorical variables, and t tests were used to measure association between continuous variables.
Results
We identified 903 634 patients in the SEER database with a lung cancer diagnosed between 1983 and 2011 and no additional second primary cancers. Of this population, 72 074 patients had stage 1a, 1b, or 2a and were between the ages of 55 to 74 at diagnosis. This was defined as the LC cohort. Characteristics of this group are shown in Table 1 .
The SEER database identified 8208 patients diagnosed with HNC, 1 subsequent lung cancer, and no other cancers.
When exclusion criteria were applied, there were 915 patients with exactly 1 HNC and exactly 1 early stage SPLC that was diagnosed between ages 55 to 74 at least 1 year after their HNC diagnosis. This was defined as the HNC-LC cohort. Table 1 shows characteristics of this cohort. There were significant differences between the lung cancers in the LC and the HNC-LC cohorts. There was a significantly higher proportion of men in the HNC-LC cohort. In addition, histologic types were distributed differently in the 2 cohorts, with significantly more squamous cell carcinomas in the HNC-LC group.
The majority of HNCs (95.7%) were squamous cell carcinomas. The distribution and SEER historic stage of HNC primary sites are described in Table 2 .
Kaplan-Meier survival estimates are shown in Figure 1 . The survival estimates were statistically significantly different (P < .0001). Median survival for the LC cohort was 38 months, and 40% survived to 5 years. Median survival after lung cancer diagnosis for the HNC-LC cohort was 22 months, with 26% survival at 5 years.
To minimize the chance that lung metastases mistaken for SPLC could bias the results, we performed 2 additional analyses. First, we restricted both HNC-LC and LC cohorts to patients whose lung cancer was an adenocarcinoma. Median survival in the modified HNC-LC and LC cohorts were 25 and 33 months, respectively (P < .0001). Second, we repeated the survival analysis with 2 different definitions of the HNC-LC cohort: 1 with patients whose lung cancers were diagnosed at least 2 years after their HNC diagnosis and the other with lung cancers diagnosed at least 6 months after HNC diagnosis. The survival estimates for those modified HNC-LC cohorts remained significantly different from the LC cohort, with median survival 22 months in both cases (data not shown).
Discussion
Our findings suggest that survival after a diagnosis of early stage lung cancer is significantly worse in patients with a history of HNC than in patients without any prior cancer diagnosis. Our results support those of Jayaprakash et al, 2 who evaluated survival in patients with HNC followed by SPLC. That study included lung cancers of all stages and patients of all ages and determined median survival to be 7 months after diagnosis of lung cancer. The types of lung cancers identified in the HNC-LC and LC cohorts were different in ways that can explain the differences in survival outcomes. SPLCs were more likely to have squamous histology, and there was a male predominance. Both male gender [12] [13] [14] [15] and squamous histology 16 have been shown to be associated with decreased lung cancer survival. However, these differences may well reflect differences in lung cancer behavior between the 2 cohorts. Differences in survival may also relate to patients' ability to receive aggressive curative therapy after a lung cancer diagnosis.
These results provide important context to a broad implementation of screening CT to this group of patients. Current practice guidelines from multiple sources including the US Preventive Services Task Force and National Comprehensive Cancer Network now recommend lowdose screening chest CT for current or former smokers to assess for lung cancer. 17, 18 The latter further advocated implementation of screening chest CT in head and neck cancer patients due to their increased risk of lung cancer. The measure of a screening test is the magnitude of improvement in survival of the screened population 19 related to identification of previously unrecognized cancers, improvement in survival as a result of earlier identification, and manageable risks associated with false positive findings. Our results demonstrate that HNC patients may not stand to derive the same benefit as participants in the National Lung Screening Trial (NLST), 8 which found a relative reduction in lung cancer mortality in selected patients who underwent annual screening chest CT when compared to annual chest radiography. The study population was defined as individuals aged 55 to 74 years who were deemed at "high risk" for lung cancer due to their current or recent 30-pack year smoking history.
The NLST study described the characteristics of the cancers identified by screening CT in comparison to those identified by plain radiographs. 8 As would be expected in a screened population, lung cancers at stages 1a, 1b, and 2a were far more prevalent in the population who received screening CTs, representing 67.1% of cancers identified by screening CT and 34.5% of cancers identified in the group assigned to plain radiography. The theoretical advantage of screening is that incident cancers are identified at an earlier stage rather than at later stage. Our conclusions raise the prospect that in the population of HNC survivors, simply identifying cancers at earlier stage may not result in the same magnitude of survival benefit as seen in those without a history of HNC.
The diminished survival benefit is important as the full range of downstream effects of screening tests is considered. NLST reported that just 3.6% of positive screening tests ultimately led to diagnosis of cancer, at the cost of a very large number of follow-up imaging studies, procedures, and complications. The benefits of large-scale screening must be weighed against these drawbacks.
Our study's use of the SEER database offers strengths related to its sample size and low risk of ascertainment bias. A limitation of the study is that there is no information about how lung cancers were identified or whether patients were symptomatic. In addition, although the SEER program attempts to distinguish between lung metastases and second primary lung cancers, these 2 entities may be difficult to differentiate. We explored this issue by investigating the dependence of survival results on minimum latency period (the interval between the reported HNC and SPLC). Distant metastases are progressively less likely over time after HNC diagnosis. 20 If some SPLCs in our study were truly distantly metastatic HNCs, survival estimates for patients with at least 24 months between HNC and SPLC would be better than those obtained if patients with lung tumors diagnosed between 12 and 24 months later were included. Since we did not observe this effect, the likelihood that our results are confounded by a large number of lung metastases is small. Furthermore, the survival difference persisted when the analysis was limited only to patients with lung adenocarcinoma, largely eliminating the possibility of misclassification.
Conclusion
The utility of a cancer screening test depends on prevalence and test characteristics but also on the magnitude of the improvement in outcomes with early diagnosis. Survival outcomes after diagnosis of the types of lung cancer identified with screening chest CT are not as favorable in HNC survivors, calling into question the benefits of screening CT. Until further investigation is undertaken, screening chest CT should be applied on a case-by-case basis in this population.
